3. the method is also globally regularized by the 146 shape of the ventricle when propagating the first 147 segmented region, the basal slice towards the apex, 148 using always the precedent contour. 149 The paper is organized as follows: A background of 150 the RV segmentation methods in cardiac MRI is briefly 151 reviewed in Section II. In Section III, the proposed 152 RV volume segmentation approach is described. The 153 experiments and results are provided in Section IV. 154 Finally, discussions and conclusions about the proposed 155 method and associated results are presented in Section V 156 and Section VI respectively. a training set. However, as atlas-based methods, they 183 need a large number of samples to capture the RV 184 shape variability. On the other hand, prior propagation 185 methods 31,32 start by a manual segmentation that 186 is propagated to the rest of the cardiac structure. 187 Nevertheless, a proper RV segmentation may be affected 188 by the intrinsic expert variability and the inevitable error 189 propagation. 190 The second group includes models that need not 191 require prior information.
They apply processing 192 techniques directly on the image. Among them, Wang, 193 Peng, and Chen obtained a coarse heart segmentation 194 applying an isodata algorithm after selecting the RV 195 shape as the pixels with more motion, a descriptor that 196 failed when the RV edges were fuzzy. Ringenberg et al. 197 combined a window-constrained accumulator threshold 198 method, difference of Gaussians, optimal threshold and 199 morphological operators to segment the RV shape. The cardiac motion is estimated by computing a saliency map that mimics the center-surround principle 38-41 described for the human visual system, i.e., local features define a level of saliency by their differences with their surroundings. To do so, an estimation of the motion changes per slice ξ is achieved by computing the temporal variations as follows. Given
where C is the temporal sequence of the smoothed images 236Î of a slice location ξ. The slice ξ at the time t changes 237 with respect to rest of the cycle and ∆ ξ t stores these 238 differences, i.e., this is the set of differences between the 239 imageÎ ξ t at the time t and the imageÎ ξ k at any other The first part of this process consists in delineating the 267 basal slice. 
313
These points are easily determined as the major changes 314 of the derivative around the parabola minimum ((f, f )).
315
As the range of intensities defined by each of these two 
In Equation 3 Note that a portion of this segment is completely missed by the radial analysis. Right panel shows the rays projected from two points n and m, corresponding to the centers of two circumferences that approximate the RV. The whole chamber is covered, but radii from them never intersect one another. one. The overall algorithm is illustrated in Algorithm 1.
441
Algorithm 1 Pseudocode for propagation of the basal segmentation towards the apex Require: the endocardium segmentation ζ ξ of the basal slice ξ = 0 1: repeat 2: if ζ ξ centroid ∈ RoI then 3: ζ ξ+1 ← by applying the radial analysis of section III B 2 using ζ ξ centroid as the reference. 4: else 5: ζ ξ+1 ← by applying the radial analysis of section III B 2 using the centroid of the left half of the RoI as the reference. 6: end if 7: ζ ξ+1 is refined as described in section III B 3 8: ζ ξ is superimposed to the slice ξ + 1 and centered around the ζ ξ+1 centroid 9: ζ ξ+1 ← is updated by finding the searched pattern which is closer to the ζ ξ contour and is defined in section III B 2 10: ξ ← ξ + 1 11: until ξ > number of slices as:
The ventricular mass (V M ) is defined as:
being EDV epi and EDV endo the volumes at the ED for 583 epicardium and endocardium tissues, respectively, with 584 a density of 1.05 g/cm 3 52 .
585 Table III shows the correlation coefficients obtained for 586 the linear regressions performed between the automatic These coefficients evidence a strong correlation between 590 the automatic and manual contours, with values always 591 larger than a 90%. hypertrophic cardiomyopathy. Figure 9 shows the points at each interval.
686
Some conditions that may result in a failure of other 687 segmentation approaches are the similarity between the 688 myocardium and its surrounding tissue. This is overcome 689 in the present method by the regularization using the 690 segmentation of the precedent slice. The overlap errors
